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Dysregulation of cytokine expression in tubulointerstitial nephritis
associated with murine malaria. We examined the circulating levels of the
proinflammatory cytokines tumor necrosis factor-alpha (TNF-a), interleu-
kin (IL)-1a, IL-6, granulocyte macrophage-colony stimulating factor
(GM-CSF), and the anti-inflammatory cytokine IL-10, and their expres-
sion in kidneys acutely infected with murine malaria parasite P. berghei
ANKA in C57BL/6J mice. Groups of six mice sacrified on days 5, 10, 15,
and 20, and normal controls were used for cytokine analysis. High
concentrations of TNF-a and IL-10 were detected in plasma as shown by
ELISA, and elevated levels of mRNA specific for TNF-a and IL-10 in
infected kidneys were demonstrated by reverse transcription-polymerase
chain reaction (RT-PCR) analysis. Kidney sections stained with antibodies
against TNF-a, IL-1a, IL-6, GM-CSF and IL-10 for immunohistochemis-
try showed markedly enhanced staining for TNF-a, and progressively
increased staining for IL-1a and IL-6 both in the tubules and the walls of
arteries during the course of infection. The endothelia of blood vessels and
inflammatory cells located around small arteries showed positive staining
for GM-CSF from day 10 onwards. Unlike the staining for proinflamma-
tory cytokines, the anti-inflammatory cytokine IL-10 showed strongly
positive staining in normal tubules and walls of arteries, especially in the
brush border of proximal tubules, but the staining intensity decreased
dramatically after day 15 post-infection. A strongly positive correlation
was found between the antibody staining for TNF-a/IL-1a in tubules, and
the severity of proteinuria. In contrast, there was an inverse correlation
between the staining for IL-10 with TNF-a/IL-1a, and the degree of
proteinuria. Plenty of pigmented macrophages showed positive staining
both for proinflammatory and anti-inflammatory cytokines in the tubu-
lointerstitium. Our findings imply that the up-regulation of proinflamma-
tory cytokines and the dysregulation of anti-inflammatory cytokines are
involved in the pathogenesis of tubulointerstitial nephritis associated with
malaria.
Tubulointerstitial nephritis (TIN) is one of the common
manifestations in malaria infection, and tubular damage can
lead to acute renal failure in severe cases [1, 2]. The etiology
and pathogenesis of the tubular lesions have not been fully
understood. One hypothesis is that these lesions are caused by
massive hemolysis leading to degenerative changes in the
proximal tubules. Another possible explanation for tubular
injury is a reduction in renal microvascular blood flow [3].
Little is known of immunopathogenic mechanisms of tubulo-
interstitial injury. We have previously shown that there is
involvement of cellular immune reactions in the tubulointer-
stitial injury in acute murine malaria [4, 5], in terms of
infiltration of inflammatory cells and up-regulated expression
of major histocompatibility complex (MHC) class II and inter-
cellular adhesion molecule-1 (ICAM-1). Following these ob-
servations, it was hypothesized that cytokines, derived from
infiltrating lymphocytes, macrophages and intrinsic renal cells,
may play a role in tubulointerstitial nephritis in malaria
infections. Documented data have shown that elevated circu-
lating levels of proinflammatory cytokines tumor necrosis
factor-alpha (TNF-a), interleukin (IL)-1, IL-6, and anti-in-
flammatory cytokine IL-10, which blocks the production of
TNF-a, IL-1, IL-6, are associated with the severity of acute
malaria [6 – 8].
It has been reported that the tubular epithelial cells (TECs) can
synthesize proinflammatory cytokines (TNF-a, IL-1, IL-6) under
stimulation or in various pathological conditions [9–12]. By in situ
hybridization, TNF-a mRNA expression was detected in the
proximal tubules (PT), and the medullary tubules in lipopolysac-
charide (LPS)-stimulated rat kidney [10, 13]. Immunohistochem-
ical investigations confirmed the increased expression of TNF-a,
IL-1 or IL-6 in the TECs, in the arteries of renal graft rejection
[14, 15], and in a variety of tubulointerstitial nephritis [11, 16]. In
vivo administration of TNF-a could cause acute tubular necrosis
[17]. Furthermore, the blockade of IL-1 and TNF-a could sup-
press tubulointerstitial injury in animal models [18].
To date, there is little information on the role of anti-inflam-
matory cytokines, especially IL-10, in the pathophysiological
function of the kidney. Previous investigators demonstrated that
IL-10 could inhibit the secretion of proinflammatory cytokines
TNF-a and IL-8 by monocytes derived from IgA nephropathy,
and that a decreased circulating level of IL-10 was related to the
severity of renal graft rejection [19].
To better understand the pathophysiological role of cytokine
networks in tubulointerstitial nephritis during malaria infection,
we examined the expression of the proinflammatory cytokines
TNF-a, IL-1a, IL-6, granulocyte macrophage-colony stimulating
factor (GM-CSF), and the anti-inflammatory cytokine IL-10 in
kidneys acutely infected with murine malaria parasites by using
reverse transcription-polymerase chain reaction (RT-PCR) anal-
ysis and immunohistochemistry. We demonstrate that the cyto-
kine network is dysregulated in tubulointerstitial nephritis associ-
ated with murine malaria infections.
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METHODS
Parasite infection and assessment of renal dysfunction
A total of 5 3 105 erythrocytes infected with Plasmodium
berghei ANKA strain of malaria were inoculated intraperitoneally
into six- to seven-week-old C57BL/6J mice. The course of infec-
tion was followed by calculating the percent of parasitemia. Urine
samples were collected from individual mice, and the total urinary
protein concentration (mg/dl) was measured using a turbidimetry
technique (The Boehringer Mannheim Corporation urinary/CSF
protein assay; Boehringer Mannheim, Germany).
Plasma collection and circulating cytokine measurements
Groups of six mice were killed by exsanguination under termi-
nal anesthesia on days 5, 10, 15, and 20 postinfection. Six
uninfected mice served as controls. Mouse blood was collected
into tubes containing 0.1 M EDTA. Plasma was collected by
immediate centrifugation and frozen at 280°C until the cytokine
assays were performed. Plasma levels of TNF-a, IL-1a, IL-6,
IL-10, and GM-CSF were measured using commercial ELISA test
systems according to the manufacturer’s instruction. The follow-
ing ELISA kits were used: Quantikine TNF-a, IL-6, IL-10 and
GM-CSF (R&D systems, Minneapolis, MN, USA), and the
InterTest IL-1a ELISH kit (Genezyme, Cambridge, MA, USA).
Collection of kidneys
One of the kidneys removed from every killed mouse was
snap-frozen in liquid nitrogen and stored at 280° for RNA
extraction. The other kidney was cut in half longitudinally, fixed in
0.1 M phosphate buffered 4% paraformaldehyde for six to eight
hours, and embedded in paraffin. Four-micron thin sections were
cut and mounted on slides coated in 1.5% 3-aminopropyl-tri-
ethoxy-saline for immunoperoxidase analysis.
Reverse transcription-polymerase chain reaction
Messenger RNA was isolated from kidneys by homogenizing
samples in 4 M guanidium isothiocyanate under liquid nitrogen
followed by the standard protocol for the QuickPrep Micro
mRNA purification kit (Phamarcia Biotech, Uppsala, Sweden).
Sample mRNA levels were quantitated by reading the absorbance
at 260 nm, and 100 ng of mRNA were analyzed by RT-PCR using
the Access RT-PCR System (Promega, Madison, WI, USA). The
following commercial primers were used to assess cytokine gene
expression in RT-PCR: (1) mouse TNF-a primers, sense 59- ATG
AGC ACA GAA AGC ATG ATC-93, antisense 59-TAC AGG
CTT GTC ACT CGA ATT-93, yielding a 270 bp fragment
(Stratagene, La Jolla, CA, USA); (2) mouse IL-10 primers, sense
59-ATG CAG GAC TTT AAG GGT TAC TTG GGT T-39,
antisense 59-ATT TCG GAG AGA GGT ACA AAC GAG GTT
T-39 (Clontech Laboratories, USA), yielding a 455 bp fragment.
The housekeeping gene encoding mouse b-actin was used as an
internal control for semiquantitative comparison with cytokine
transcripts: b-actin primers, sense 59-GTG GGC CGC TCT AGG
CAC CAA-39, antisense 59-CTC TTT GAT GTC ACG CAC
GAT TTC-39 (Clontech), yielding a 540 bp fragment.
The 50 ml RT-PCR reaction mixtures contained 50 pmol
primers, 0.2 mM dNTP mix, 2 mM MgSO4, 5U AMV reverse
transcriptase, 5UTfl DNA polymerase. Cycling parameters were
as follows: (1) for cDNA synthesis, 48°C for 45 minutes, inactiva-
tion of AMV at 95°C for two minutes; (2) PCR reactions,
denaturation at 94°C for 45 seconds, annealing at 60°C for 45
seconds, extension at 72°C for two minutes up to 35 cycles,
followed by a terminal extension at 72°C for seven minutes using
PTC-100y programmable thermal controller (MJ Research, Inc.,
USA). Negative controls included samples with no RT enzyme,
and reaction mixture without mRNA. Reverse transcription-
polymerase chain reaction products were examined on 1.2%
agarose gels in 1XTAE buffer. Gels were stained with 0.5 mg/ml
ethidium bromide and photographed under ultraviolet light.
Densitometric analysis of stained bands was performed with the
ImageMaster VDS (Pharmacia Biotech).
Immunohistochemistry
Immunoperoxidase staining protocols. Dewaxed kidney sections
were treated with 0.1% trypsin (Dako, Carpinteria, CA, USA) for
10 minutes, blocked in 1:10 diluted normal goat serum (Sigma
Immunochemicals, St. Louis, MO, USA) for 30 minutes for
TNF-a and IL-1a, or normal rabbit serum for IL-6, IL-10 and
GM-CSF. Then it was incubated with primary antibodies: poly-
clonal rabbit anti-mouse TNF-a, or IL-1a (1:100 dilution; Gen-
ezyme) for 45 minutes, or monoclonal rat anti-mouse IL-6, IL-10,
or GM-CSF (1:100 dilution; Genezyme) overnight. Endogenous
peroxidase was quenched using a bath of 1% hydrogen peroxide in
methanol for 20 minutes. Subsequent antibody detection was
carried out using biotinylated secondary antibodies: goat anti-
rabbit for TNF-a and IL-1a (1:400; Sigma), rabbit anti-rat (mouse
absorbed) for IL-6, IL-10 and GM-CSF (1:200; Vectastain; Vector
Laboratories, CA, USA), and the avidin-biotin technique (Vec-
tastain ABC Kit, PK-400) with 3,39-diaminobenzidene (DAB,
Sigma) as a peroxidase substrate. The sections were counter-
stained with Harris’ hematoxylin, dehydrated and mounted in
Permount. Negative control sections were processed identically
except for sequential omission of the primary antibody or second-
ary antibody or avidin-biotin mixture.
Methods of evaluation
The results of immunohistochemistry were evaluated by the
staining intensity and extent according to the previous publica-
tions [20]. Briefly, the intensity was graded as 0 (no staining), 11
(mild), 21 (moderate), or 31 (marked), while the extent of
staining was graded as 11 (1 to 25% of tubules or blood vessels
positive), 21 (26 to 50% positive), 31 (51 to 75% positive), or 41
(. 75% positive). The intensity and distribution were added to
obtain the staining score for each case. The scores ranged from 0
(negative staining) to 7 (marked intensity and . 75% areas of
tubules or blood vessels stained). The evaluation for GM-CSF 1
cells in the interstitium was carried out by counting the positive
cell number in each section viewed under the optical microscope
(Olympus BX50, Japan), and the cell numbers were divided by the
number of fields in each section counted under 310 objective.
Statistical analysis
The Kruskall-Wallis test with multiple comparisons was used to
compare the staining scores of sections between different groups
of animals post-infection (days 5, 10, 15, and 20) and against
normal controls. The Mann-Whitney-U Wilcoxon Rank Sum W
test was used for comparisons between two groups. The results of
the cytokine levels in plasma, urinary protein, and GM-CSF1 cell
numbers were analyzed with an unpaired two-tailed t-test. A P
value less than 0.05 was considered to be significant. Spearman’s
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correlation coefficient (rs) was used to identify: (1) correlation of
cytokine staining scores and the severity of proteinuria; and (2)
inverse correlation of the proinflammatory cytokines (TNF-a,
IL-1a, IL-6) and the anti-inflammatory cytokine (IL-10) staining
scores in tubules and blood vessels.
RESULTS
Parasitemia and its correlation with renal dysfunction
The percentage of parasitemia increased progressively post-
infection, and the urinary protein levels were significantly in-
creased after day 5 post-infection. As shown in Figure 1A, there
was a strong correlation between the percentage of parasitemia
(%) and the degree of proteinuria (mg/dl) during the course of
infection (rs 5 0.82, P , 0.001).
Circulating levels of cytokines
Only one out of six normal mice had detectable TNF-a protein
in plasma (12 pg/ml), and three out of six normal mice had
detectable IL-10 (. 20 pg/ml). The TNF-a and IL-10 levels were
increased after infection (Table 1). There were significant differ-
ences among different groups postinfection against normal con-
trol. Tumor necrosis factor-a reached the highest level on day 10
post-infection and gradually decreased onwards. In contrast,
IL-10 levels increased dramatically and progressively until the
20th day, and there were significant differences among different
groups post-infection against normal controls. The plasma con-
centrations of IL-1, IL-6, and GM-CSF showed no statistically
significant differences among normal and infected groups (P .
0.05).
Reverse transcription-polymerase chain reaction analysis of
specific mRNA in kidneys
A weak RT-PCR amplification signal was detected by ethidium
bromide staining in normal controls for TNF-a and IL-10 (Fig. 4
A, B). The intensity of the ethidium bromide stained bands
increased after day 5 post-infection and maintained the same
levels between day 10 and day 20 for TNF-a, but decreased
slightly on day 20 for IL-10. The expression of the housekeeping
gene b-actin was identical at all time points (Fig. 4C). Semiquan-
titative densitometric analysis on ethidium bromide stained bands
of RT-PCR products showed an average increase in TNF-a and
IL-10 mRNA expression by twofold over baseline (normal kidney)
in infected animals from day 10 and onwards.
Immunoreaction with proinflammatory cytokines
In normal and infected kidneys on day 5, four of six cases
showed faint background staining in the distal tubules and walls of
blood vessels for TNF-a, IL-1a and IL-6. The staining for TNF-a
and IL-1a in the tubules increased dramatically after day 5
onwards. There was no significant difference between the staining
scores of normal and day 5 post-infected kidneys (P . 0.05).
However, there were significant differences between normal and
diseased tubules after day 5 post-infection, and between day 10 to
day 20 (P , 0.01). The median values of the staining scores in the
tubules are shown in Figure 1B.
The staining patterns for TNF-a and IL-1a were similar in the
tubules, and were distributed mainly in a pancytoplasm pattern in
the distal collecting tubules (DCTs), in the cortical and outer
medullary locations. Groups of proximal tubular epithelial cells
also showed positive staining with a fine granular pattern for
TNF-a and IL-1a at the later stage of infection (Fig. 2 a, b). The
tubular basement membrane (TBM) showed a faint positive
staining for IL-6 at the later stage of infection.
Fig. 1. The correlation of parasitemia (%) with proteinuria (mg/dl)
during the course of infection (A). The median values of staining scores in
the tubules (B) and in the blood vessels (C) during the course of infection.
Symbols are: (—) tumor necrosis factor-alpha (TNFa); (– –) interleukin
(IL)-1a; (---) IL-6; ( ) IL-10; (–-) GM-CSF.
Rui-Mei et al: Cytokine dysregulation in murine malaria 847
Markedly enhanced staining was observed in the walls of
arteries (smooth muscles) from day 10 for TNF-a, and day 15 for
IL-1a and IL-6. There was a significant difference between
normal and diseased groups (P , 0.01). The peritubular capillar-
ies and endothelia of arteries also showed positive staining for
IL-1a, IL-6, and GM-CSF after day 5 post-infection. The median
values of staining scores on the blood vessels are shown in Figure
1C. Plenty of pigmented macrophages expressing TNF-a, IL-1a,
IL-6 and GM-CSF were found in the dilated veins of the
interstitium. Inflammatory cells expressing IL-6, and GM-CSF
were distributed in the periarterial location, or in focal areas of
the interstitium from day 15 post-infection, and were maximum on
day 20 (Fig. 3).
Immunoreaction with anti-inflammatory cytokine interleukin-10
In normal kidneys, strongly positive staining for IL-10 was
observed in the epithelial cells of tubules, with a pantubular
epithelial cell pattern in the cortical and outer medulla, particu-
larly in the brush border of proximal tubules (PTs) (Fig. 2c). The
walls of arteries also showed strong staining for IL-10 (Fig. 2e). In
infected kidneys, the staining on tubules and the walls of arteries
was decreased progressively from day 10 postinfection (Fig. 1 B,
C). The staining on the PTs decreased markedly in the brush
border, and some PTs showed no staining at the later stage of
infection (Fig. 2D). Significant differences were found between
normal and diseased groups after day 15, especially the proximal
tubular staining in the cortical and outer medullary regions. In
contrast, the staining on the DCTs in the cortical region and the
terminal inner medullary collecting duct (TIMCD) showed no
significant differences between normal and diseased groups (P .
0.05).
The staining on the walls of arteries for IL-10 decreased from
day 10 post-infection and onwards. There were statistical differ-
ences between normal and diseased groups from day 15 (P ,
0.05). Plenty of inflammatory cells, especially pigmented macro-
phages in the lumen of peritubular veins, showed positive staining
for IL-10 (Fig. 2f).
Correlation analysis of cytokine expression with renal
dysfunction
There were strong correlations between the expression of
TNF-a/IL-1a in the tubules with proteinuria, and a weaker
correlation between IL-6 in the tubules, and GM-CSF in the
interstitial infiltrates, with proteinuria (Table 2). Contrary to the
above observation, an inverse correlation was found between the
expression of IL-10 in tubules, especially PTs, with proteinuria.
Correlation analyses in the expression of proinflammatory
cytokines, and with anti-inflammatory cytokine
The strongest correlation was seen between the expression of
TNF-a with IL-1a in the tubules. There were positive correlations
between the expression of TNF-a/IL-1a with IL-6; however, there
were inverse correlations between the expression of proinflamma-
tory cytokines (TNF-a, IL-1a, IL-6), with anti-inflammatory cyto-
kine IL-10 in the tubules and the walls of arteries (Table 2).
DISCUSSION
We believe this is the first study to present histopathological
evidence for the potential roles of the proinflammatory cytokines
TNF-a, IL-1a, IL-6, GM-CSF, and the anti-inflammatory cyto-
kine IL-10 in the pathogenesis of tubulointerstitial nephritis in
acute murine malaria.
One important finding in our experiments is that the up-
regulation of TNF-a, IL-1a and IL-6 is closely related to the
severity of renal dysfunction. In normal kidneys, which show
detectable levels of mRNA for TNF-a, antibody staining by
histochemistry shows that some distal and collecting tubules
express very low levels of this proinflammatory cytokine. From
day 5 post-infection and onwards, a markedly enhanced expres-
sion of TNF-a mRNA could be observed in the diseased kidneys.
This coincides with significant antibody staining for TNF-a,
located mainly in the cortical and outer medullary tubules. The
TNF-a proteins stained in the tubules may come from two
sources: (1) tubular cells may absorb TNF-a from the blood, as
circulating levels of TNF-a are significantly elevated in our model,
and (2) both the increased accumulation of specific mRNA for
TNF-a in the kidneys during the course of infection, and groups
Table 1. Cytokines concentrations in plasma in control and
Plasmodium berghei infected animals
Time
TNF-a IL-10
pg/ml
Normal 2 12.3 6 10.6
Day 5 12.8 6 6.3a 104.5 6 65.5a
Day 10 73.4 6 33.5b 460.3 6 134.5b
Day 15 50.5 6 14.6b 738.8 6 190.5bc
Day 20 46.3 6 14.6b 1353.5 6 125.6bcde
Data are mean 6 SD. Abbreviations are: TNF-a, tumor necrosis
factor-alpha; IL-10, interleukin-10.
a P , 0.01 vs. normal control
b P , 0.01 vs. normal and day 5
c P , 0.05 vs. day 10
d P , 0.01 vs. day 10
e P , 0.01 vs. day 15
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Fig. 2. (a) Tumor necrosis factor-alpha (TNF-a) positive staining in the proximal tubules (PTs); strong staining in the wall of an artery, and collecting
tubule (inset) in diseased kidney on day 15 post-infection. 3400. (b) Interleukin (IL)-1a positive staining in the cytoplasm of distal collecting tubules
and pigmented macrophages (arrow) in diseased kidney on day 20 post-infection (3400). (c) IL-10 positive staining in the PTs of normal control kidney
sections with particularly strong staining on the brush border (3400). (d) Very faint staining of IL-10 in the PTs of diseased kidney on day 20
post-infection (3400). (e) Strongly positive staining of IL-10 in the wall of an artery, moderate to strong staining in the PTs of normal control kidney
section (3400). (f) Faint staining of IL-10 on the wall of a small artery, some proximal tubules, and strong staining in the inflammatory cells in a dilated
vein of diseased kidney at the later stage of infection (3500).
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of proximal tubules with a granular pattern of antibody staining in
the cytoplasm, suggest that there is increased local production of
TNF-a. The enhanced in situ expression of TNF-a in the tubules
may be the result of a cascade of exogenous and endogenous
signals released under various kinds of stimuli such as toxic
malaria antigen, or regulation by other cytokines. In addition, the
enhanced antibody staining for IL-1a and IL-6 in the tubules may
also be caused by local production of these cytokines, as the
circulating levels of IL-1a and IL-6 were not significantly in-
creased. Moreover, the enhanced IL-6 expression on the TBM at
the later stage of infection may be induced by TNF-a and IL-1a
in a paracrine pathway.
The strong correlation of TNF-a/IL-1a staining in the tubules
with the proteinuria suggests that these cytokines are involved in
tubular damage, which affects protein reabsorption. It is possible
that the overexpression of proinflammatory cytokines in the
tubules plays an important role in regulating the local immuno-
reaction on the tubules. Studies have demonstrated that TNF-a,
IL-1 and IL-6 induce the expression of ICAM-1, and that IL-6
enhances the expression of MHC class II molecules in the tubular
Fig. 3. (a) Strongly positive staining of interleukin (IL)-6 in the inflammatory cells located around a small artery in a diseased kidney. (b) Plentiful
pigmented macrophages stained positive for IL-6 in a dilated vein on day 20 post-infection (3400). (c) Granulocyte macrophage-colony stimulating
factor (GM-CSF) positive staining in inflammatory cells in a dilated vein in the late stage of infection. (d) GM-CSF positive staining on the inflammatory
cells around a small artery on day 20 post-infection (3400).
Table 2. Correlations among cytokines staining scores with proteinuria
Markers
Correlation
coefficient (rs) P value
A. TNF-a in tubules with proteinuria 0.85 , 0.001
B. IL-1a in tubules with proteinuria 0.82 , 0.001
C. IL-6 in tubules with proteinuria 0.54 , 0.01
D. GM-CSF infiltrates with proteinuria 0.63 , 0.01
F. IL-10 in PTs with proteinuria 20.48 , 0.01
G. Correlations among cytokines staining
in the tubules
TNF-a with IL-1a in tubules 0.90 , 0.001
TNF-a with IL-6 in tubules 0.67 , 0.01
IL-1a with IL-6 in tubules 0.65 , 0.01
TNF-a with IL-10 in tubules 20.62 , 0.001
IL-1a with IL-10 in tubules 20.65 , 0.001
IL-6 with IL-10 in tubules 20.52 , 0.01
H. Correlations among cytokines staining
in the blood vessels
TNF-a with IL-10 20.47 , 0.01
IL-1a with IL-10 20.54 , 0.01
Abbreviations are: TNF-a, tumor necrosis factor alpha; IL, interleukin;
GM-CSF, granulocyte macrophage-colony stimulating factor.
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epithelial cells (TECs) of autoimmune murine nephritis [21]. We
have previously observed that the expression of MHC class II and
ICAM-1 is up-regulated in the PTs at the later stage of infection
[4, 5]. It is possible that the increased level of circulating TNF-a,
together with the in situ overproduction of TNF-a in the tubules,
may be directly associated with the damage of tubular structures
because of its cytotoxic effect in picogram quantities. Therefore,
our study suggests that an up-regulation of proinflammatory
cytokines in the tubular structure may occur, and could be
involved in the pathogenic process of tubulitis through an auto-
crine or paracrine pathway in acute malaria infection.
The second important finding is that elevated levels of mRNA
for anti-inflammatory cytokine IL-10 in diseased kidneys and high
levels of IL-10 protein in plasma, are not consistent with the level
of anti-IL-10 antibody staining in tubules, which shows decreased
staining in PTs at the late stage of infection. Possible explanation
for these conflicting results are: first, the high concentration of
circulating IL-10 is not non-specifically absorbed by PTs during
the course of infection, second, the elevated mRNA level for
IL-10 in infected kidneys may be contributed by (a) infiltrating
inflammatory cells in diseased kidneys, which show positive
staining for IL-10 protein, or (b) glomerular mesangial cells,
which also demonstrate positive staining for IL-10 from day 10
postinfection (unpublished observation). We propose that IL-10,
expressed in the normal TECs in the cortical and outer medullary
regions, particularly in the PTs may play a key role in maintaining
the normal physiological function of tubular profiles. The down-
regulation of IL-10 in the PTs at the late stage of infection shows
an inverse correlation with the severity of proteinuria, and with
the up-regulation of the proinflammatory cytokines TNF-a and
IL-1a in the tubules. These results substantiate that endogenous
IL-10 has a protective effect on the tubular structure; and IL-10
appears to act as a negative feedback on the production of the
proinflammatory cytokines in the tubulitis caused by acute ma-
laria infection. Therefore, we suggest that the endogenous IL-10
expressed in the tubules may operate through an autocrine and/or
paracrine mechanism on modulating the function of the TECs,
and that the imbalance of the cytokine network is involved in the
degenerative change of the tubules, resulting in proteinuria.
However, it is unclear whether the high circulating level of IL-10
has any direct action on the tubules.
Changes similar to these seen in the tubules were observed in
the walls of arteries. There was a negative correlation between the
antibody staining of TNF-a/IL-1a with IL-10 in the walls of
arteries. It appears that IL-10 expression in normal arteries plays
an important role in maintaining the physiological function of
blood vessels. It is probable that the down-regulation of IL-10 is
involved in vasculitis, with the up-regulation of TNF-a and IL-1a
in the media of arteries, and the up-regulation of IL-6, GM-CSF,
MHC class II, ICAM-1 in the endothelium of blood vessels.
Previous investigators reported that the proinflammatory cyto-
kines expressed in blood vessels play a key role in leukocyte
recruitment into the interstitium [22, 23]; They can induce the
expression of adhesive proteins on leukocytes, and have a variety
of regulating functions on the endothelia of blood vessels [24].
Thus, the imbalance of cytokine expression in the blood vessels
may facilitate the transendothelial passage of inflammatory cells
into the interstitium leading to interstitial nephritis.
In conclusion, the locally up-regulated expression of proinflam-
matory cytokines and the down-regulation of anti-inflammatory
cytokines in the diseased tubules and blood vessels, create a
microenvironment associated with the immunopathological
changes of tubulointerstitial nephritis seen in acute murine ma-
laria infection.
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